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In view of the demonstrated relationship between rumination time and health 
status, the general welfare and metabolic condition of ruminants are often assessed 
by the examination of rumen function. The main goal of this study was to monitor 
the daily rumination activity (RA) and its connection with actual liveweight 
(LW), milk yield (MY) and with two diseases (subclinical hyperketonaemia – 
SHK, uterine disease – UD) in 96 cows on the basis of a total of 1638 observa-
tions in Israel. The studied sample gave a highly significant response, showing 
that the selected diseases had a diminishing impact on RA and LW and no influ-
ence on MY. It can be concluded that the change of RA as determined by elec-
tronic monitoring, complemented by the change of LW, is a useful general indica-
tor of health status and subclinical disease before the appearance of clinical signs. 
Key words: Dairy cattle welfare, health status monitoring, subclinical hy-
perketonaemia, uterine disease, rumination activity 
Recently the dairy industry has developed the ‘Vocal Tag’ (2010; referred 
to as Lely QWES-H/HR), which is a computerised rumination monitoring sys-
tem providing information about the general health of cows (especially focusing 
on the existence of abomasal displacement, AD). The present study investigates 
the pattern of rumination activity to find a general indicator of the fresh cow’s 
welfare and general health status, by comparing changes in the patterns of the 
rumination activity, milk production and liveweight on the course of ‘healthy 
days’ and ‘ill days’ within two given categories of pathological states (subclini-
cal hyperketonaemia, SHK and uterine diseases, UD). 
When cattle ingest feed, they do not chew solid particles intensively. In-
stead, processing of the feed is allocated to rumination, where rumen content is 
regurgitated in the form of boluses and masticated several before swallowed 
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again. Ruminal movements serve four physiological functions: mixing and mov-
ing ingesta, eructation and regurgitation of ingesta for rumination. Lindström and 
Redbo (2000) showed that oral manipulation of feed serves a behavioural function 
too, irrespective of rumen load. A certain amount of rumination per day is impor-
tant to give cattle an outlet for their natural behaviour. Individuals that are re-
stricted in performing their behavioural needs may become frustrated and develop 
stereotypes such as tongue rolling or bar biting, which are signs of poor welfare. 
Adult cattle ruminate approximately eight hours a day in 4 to 24 periods, 
each lasting 10 to 60 minutes. Functionally, rumen movements can be classified 
as primary and secondary cycles, plus regurgitation movements. The primary cy-
cle mixes the ingested material within the rumen; it occurs every 1 to 2 minutes, 
and assists the passage of the content towards the omasum. The secondary cycle 
results in eructation and occurs at 1- to 2-minute intervals. The magnitude of the 
contractions and their form (primary or secondary ruminal motility, regurgitation 
or eructation) are related to the amount of coarse particles and the gases pro-
duced, which stretch the reticulum or the ruminal pillars (Blikslager et al., 2004). 
During physical examination, rumen activity can be evaluated by different 
classical methods such as inspection, palpation, auscultation, percussion, bal-
lottement, rectal examination, evaluation of the ruminal content or laparoscopy 
(Radostits, 2000). However, ruminal activity can also be evaluated indirectly by 
using a so-called ‘Vocal Tag’. This tiny neck tag provides the farmer, on a daily 
basis, with online information regarding the rumen function of each individual 
cow, which serves as a very sensitive indicator of general well-being and health 
status. Changes in rumination activity are the earliest warning signs informing 
the veterinarian about potential health problems. Communication between the 
tags and the reader is based on an infrared beam. The Rumination Meter captures 
rumination time, chewing rhythm and the length of intervals between boluses. 
Major factors influencing ruminal activity include the amount of feed in-
gested and the composition of the ration (Lindgren, 2009). Since chewing activ-
ity stimulates the secretion of saliva, which facilitates swallowing and contains 
high concentrations of bicarbonate and phosphate buffers that aid in buffering 
and sustaining the ruminal pH at a level suitable for microbial activity, which is 
physiologically 6.3 to 7.1 (Blikslager et al., 2004). The reduction of forage particle 
length shortens the time that cattle spend with chewing, increases ruminal acidity 
and the rate of content passage from the rumen, decreases fibre degradation and 
milk fat content (Beauchemin et al., 1997; Couderc et al., 2006). Significant dif-
ferences in the duration of rumination were found between rations; excessive 
starch and easily fermentable carbohydrates in relation to the content of effective 
fibre stimulating rumination result in reduced chewing activity. Its consequence 
is a decreased saliva production and a drop in ruminal pH, which alters fermenta-
tion patterns and predisposes cows to metabolic disturbances that negatively af-
fect health status, well-being and production level (Lindgren, 2009). 
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Differences in rumination activity have been reported between breeds (Welch 
et al., 1970) as well as body sizes (Bae et al., 1983), suggesting that animals with 
higher intake capacity require shorter time for chewing and ruminating. Regarding 
the aspect of housing, stocking density and grouping strategies play a significant role 
in rumination activity. Lying and resting behaviours are highly important for dairy 
cows to enable sufficient rumination time. Social stress, such as overcrowding and 
excessive competition for feed and free space, can significantly reduce rumination 
activity. Furthermore, increased lying time is also associated with reduced stress on 
feet and incidence of lameness, increased blood flow to the udder and stimulated 
feeding activity. Maximising lying time may ultimately reduce health costs, enhance 
productivity and improve cow welfare (Kai et al., 2009). 
Ketosis, and even a high blood ketone body (acetone, acetoacetic acid and 
beta-hydroxybutyrate) level, is a serious metabolic problem typically occurring 
in dairy cows during early lactation characterised by intensive lipid mobilisation 
and a high glucose demand, and thereby a negative energy balance (NEB) in the 
background. Thus, severe energy deficit in the postpartum period may lead to 
clinical ketosis. Subclinical ketosis (increased concentration of ketone bodies in 
the blood) can be considered a preliminary phase of clinically detectable diseases 
and/or a factor predicting production and reproduction problems. The diagnosis 
of ketosis is based on the presence of risk factors (early lactation), clinical signs, 
ketone bodies in urine, blood or milk and the time that has elapsed since calving. 
Cows are more resistant to uterine infections during oestrus, and as cows 
undergo more oestrous cycles after parturition, the prevalence of uterine diseases 
declines. This has led to the increased use of prostaglandin (PG) F2α or its ana-
logues, at luteolytic doses, for the management of uterine disease (Kahn, 2005). 
Delayed involution is associated with autolysis of the placenta and may promote 
uterine infection. Bacterial proliferation in the uterine lumen and the release of 
toxins lead to metritis. Sheldon et al. (2006) classified various forms of postpar-
tum uterine diseases. More recently, physiological changes in the patterns of 
uterine contractility have been quantified (Bajcsy et al., 2005). Risk factors, such 
as milk fever (Risco et al., 1994), high milk production, negative energy balance 
(Butler, 1997) or uterine infections (Mateus et al., 2002) have frequently been 
reported to be responsible for, or occurring simultaneously with, a delayed uter-
ine involution and a prolonged interval to the first postpartum ovulation. 
 
 
Materials and methods 
Data were collected over a two-year period (2008 and 2009) from three 
typical farms in Israel. All cows diagnosed with SHK and/or with UD were se-
lected for the investigation. The 96 cows included in the database represented 
182 individual cases (due to repeated occasions according to lactations and mul-
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tiple disorders). Of them, 20 had subclinical ketosis and 84 had uterine disease, 
and there were altogether 1638 records by trait. Feeding was based on total 
mixed ration (TMR) supplied by a central producer. In general, high-quality si-
lage comprises over 90% of the forage in dairy cows and high-quality silage and 
haylage collectively make up approximately 50% of the total dry matter. In the 
cases presented here, the concentrate consisted mainly of maize (55%) and bar-
ley (10%) meals; the other ingredients were maize distillers’ grain (5%), full-fat 
soybean (10%), 4% canola meal (extracted solvent), which are rich in protein, 
plus 16% mineral-vitamin premix (Table 1). The proposed energy concentration 
for lactating cows is 7.3–7.5 MJ NEl/kg dry matter (DM), with 17–17.5% crude 
protein and an undegradable intake protein (UIP) of 35%. The optimal neutral 
detergent fibre (NDF) level is 30–34% of the dry matter. The recommendations 
of the National Research Council (2001) were used. 
Cows in this study were milked three times a day by an Astronaut milking 
robot produced by Lely Industries along with the QWES-HR monitoring system 
under loose housing system. 
The following data were collected from the monitoring system (via the 
T4C software): days in milk, daily rumination activity (RA), daily liveweight 
(LW), daily milk yield (MY), as well as ID number of cow, calving date, number 
of lactations and the date of RA/LW/MY recording. The medical records were 
collected from a NOAH software used for medical registration, and included the 
name of disease and the date of disease diagnosis (0-day). The animals were 
classified as ill during their ‘ill period of time’, which included three days: the 
day of disease diagnosis and the ± 1 day around that day. Animals were classi-
fied as healthy during a preceding and a succeeding period of time farther from 
the day of diagnosis (on day –6, –5, –4 and 4, 5, 6, respectively). For the data 
analysis single trait mixed hierarchical linear models (package ‘nlme’; Pinheiro 
et al., 2013) of the R software for statistical computing (R Core Team, 2013) 
were used. 
Basic model in the case of SHK:  
Yiklmnop = μ + Hi + Lk + Yl + Sm + Fn/Co/Op + eiklmnop, 
basic model in the case of UD: 
Yijklmop = μ + Hi + Pj + Hi:Pj + Lk + Pj:Lk + Yl + Sm + Co/Op + eijklmop, 
where 
Yijklmnop = the value of one of the traits (RA, LW and MY), 
μ = the mean value of one of the traits (RA, LW and MY), 
Hi = fixed effect of health status periods (3; the preceding and succeeding 
healthy periods and the ill period), 
Pj = the fixed effect of the lactation phase (3; 1 = from day 1 up to day 
100, 2 = from day 101 up to day 200, 3 = from day 200 onwards; used in the 
model for UD only, because of a continuous presence of UD in a lactation), 
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Hi:Pj = health status period by lactation phase interaction, 
Lk = the fixed effect of parturition category (2; 1 = primiparous cows, 2 = 
pluriparous cows), 
Pj:Lk = lactation phase interaction by parturition category interaction, 
Yl = the fixed effect of year (2, 1 = 2008, 2 = 2009), 
Sm = the fixed effect of season (2; 1 = winter: from October to March, 2 = 
summer: from April to September), 
Fn = the random effect of farm (used in the model for SHK only, where, 
however, its effect was statistically not significant), 
Co = the random effect of cow nested within the random effect of farm (Fn), 
Op = individual no. of repeated occasion of the disease, nested within ran-
dom effects of cow (Co) and farm (Fn), 
eijklmnop = the random residual. 
The Statistica software (Statsoft Inc., 2013) was applied for the prepara-
tion of data and for the graphical presentation of the daily pattern of RA, LW and 
MY, as well as for calculating the average and the median of the day of diagnosis. 
Table 1 
Natural ingredients of the cows’ daily ration (kg, average of the studied farms, mean body weight 
700 kg, for 3.3% fat corrected milk) 
Raw materials Fresh  cows 
Mid-lactation 
cows 
Late lactation 
cows 
Dry  
cows 
Antepartum  
cows 
Maize silage 15 19 22 12 13 
Lucerne haylage 2 3 3 – – 
Meadow hay, chopped – – – 6 5 
Lucerne hay, chopped 3.5 3 3 – – 
Lucerne, chopped 0.5 2 2 – – 
Citrus peel, wet 2 3 3 – – 
Sugar beet pulp, dry 0.5 – – – – 
Brewer’s grain, wet 0.5 1 2 – – 
Maize gluten meal 3 2 – – – 
Whey, liquid 5 4 3 – – 
Molasses 0.5 0.5 0.5 – – 
Concentratex 6 9 7 – 1.5 
Wheat branxx 0.5 0.5 0.5 – 0.5 
Fresh cows = from calving to 30 days post partum, with an average daily milk production of 45 kg; 
mid-lactation cows = from day 31 to day 200 after calving, with an average daily milk production 
of 40 kg; late lactation cows = from day 201 to drying off, with an average daily milk production 
of 30 kg; dry cows = first 6 weeks of the dry period; antepartum cows = last 2 weeks of the dry pe-
riod. xConcentrate: 55% maize, 10% barley, 5% maize distillers’ grain, 10% full fat soybean, 4% 
canola meal, extracted solvent, 16% mineral-vitamin premix. xxWheat bran with 10,000 IU of vi-
tamin A and 20 IU of vitamin E 
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The results provide the least squares means (LSM), their standard error 
(SEM), as well as the P value. In the case of SHK the results of the three investi-
gated parameters (RA, LW and MY) are presented by health status period. Be-
cause of the significant interactions (Hi:Pj as well as Pj:Lk) in the case of UD the 
results are further detailed by parturition category and lactation phase. In addi-
tion, the deviations (which are the differences between the mean of ill days and 
the mean of the two healthy periods) are also shown to estimate the expectable 
changes in ill cows. These were proven statistically by the Tukey method (ad-
justed P values were reported). Residuals of the models were checked visually 
for normality and constant variance, model appropriateness and influential 
points. 
 
Results 
Patterns of the healthy days for RA, LW and MY in the sample are shown 
in Fig. 1. During early lactation a gradual recovery of RA can be clearly identi-
fied, along with an increased milk production which peaks at approximately 
40 kg. In this period, the average liveweight in the herd remains unchanged, be-
cause the gain in heifers equalises the losses of cows. During mid-lactation, RA 
together with the milk production begins to drop slightly but tendentiously. How-
ever, this is a beneficial phase of lactation when all the cows can continue their 
weight gain. At the end of lactation RA decreases further by day 305, approach-
ing its initial value. Milk production decreases remarkably in this phase. Cows 
generally stop growing by the time of drying off. 
 
Fig. 1. Patterns of daily rumination activity (RA), liveweight (LW) and milk yield (MY) of the 
healthy days during the 305 days of lactation (distance-weighted line fitting on raw records) 
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The average time of disease occurrence in the case of subclinical hyperke-
tonaemia and uterine disease was day 54 (median: day 14) and 73 (median: day 19), 
respectively. 
In the case of SHK (Table 2) the values in the preceding and succeeding 
healthy periods provide information about typical physiological alterations of the 
self-sacrificing dairy cows at the beginning of lactation: a remarkable increase in 
rumination activity (feed intake) and in milk production with a simultaneous loss 
in body weight (all alterations were statistically significant, P < 0.05). Here, all 
deviations appeared to be negative; however, only the change in rumination ac-
tivity was significant (–64.3 min, P < 0.01). 
Table 2 
Comparison of least squares means (LSM) in case of subclinical hyperketonaemia (SHK) by health 
status periods 
Subclinical hyperketonaemia (SHK) 
RA, min. LW, kg MY, kg Periods/deviation No. of records 
LSM (SEM) LSM (SEM) LSM (SEM) 
Preceding healthy period 63 392a (23.5) 595b (16.6) 27.5a (2.41) 
Days around diagnosis 63 361a (19.6) 575a (16.4) 29.5a (2.26) 
Succeeding healthy period 63 459b (19.4) 566a (16.4) 34.6b (2.25) 
Deviation1 189 –64.3** (21.4) –5.76 (4.31) –1.57 (1.68) 
a,b,c – different superscript letters show significant (P < 0.05) differences; 1 – P values are adjusted 
using the Tukey method for means of healthy and ill days (**P < 0.01); RA = daily rumination ac-
tivity; LW = daily liveweight; MY = daily milk yield 
 
In the case of UD (Table 3) these values reflect the same proven physio-
logical situation (also in all the traits, P < 0.05) within the first lactation phase 
independently of the parturition categories of cows. However, the later altera-
tions of the traits remained insignificant. The drop in liveweight of the first-
calving UD cows (–4.80 kg, P < 0.05) was not followed by a significant reduc-
tion of the minutes spent by rumination. In contrast to this, the statistically sig-
nificant (–43.7, P < 0.01) negative deviation in RA was no accompanied by an 
essential drop of liveweight in pluriparous cows. 
 
 
Discussion 
It is generally known that a typical dairy cow reaches the peak of milk 
production between 4 and 6 weeks after calving. The present findings fit well with 
this observation (see Fig. 1). Dry matter intake lags behind, physiologically peak-
ing around 9 to 11 weeks. This situation puts the cow in a NEB in the first phase of 
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Table 3 
Comparison of least squares means (LSM) in case of uterine disease (UD) by health status periods, 
by lactation phase and by parturition category 
Uterine disease (UD) 
RA, min. LW, kg MY, kg Periods/deviation No. of records 
LSM (SEM) LSM (SEM) LSM (SEM) 
In primiparous cows        
In first lactation phase        
Preceding healthy period 114 368a (17.2) 530b (8.72) 23.8a (1.48) 
Days around diagnosis 114 432b (16.7) 519a (8.68) 27.3b (1.46) 
Succeeding healthy period 114 470c (17.1) 518a (8.69) 30.2c (1.46) 
Deviation1 342 13.4 (11.9) –4.80* (1.99) 0.25 (0.57) 
In second lactation phase        
Preceding healthy period 14 490 (34.7) 546 (11.20) 36.4 (2.74) 
Days around diagnosis 14 510 (34.3) 549 (11.17) 35.9 (2.73) 
Succeeding healthy period 14 528 (35.4) 552 (11.27) 35.6 (2.76) 
Deviation1 42 0.66 (25.8) –0.36 (4.43) –0.07 (1.27) 
In third lactation phase        
Preceding healthy period 8 434 (18.4) 587 (8.89) 30.2 (1.58) 
Days around diagnosis 8 444 (18.5) 586 (8.90) 30.9 (1.58) 
Succeeding healthy period 8 451 (19.2) 587 (8.95) 30.2 (1.60) 
Deviation1 24 1.57 (13.3) –0.36 (2.27) 0.66 (0.65) 
In pluriparous cows        
In first lactation phase        
Preceding healthy period 231 431a (15.9) 613c (8.95) 35.3a (1.37) 
Days around diagnosis 231 425a (15.5) 603b (8.93) 37.6b (1.34) 
Succeeding healthy period 231 506b (15.5) 598a (8.93) 41.8c (1.34) 
Deviation1 693 –43.7** (12.7) –2.39 (1.71) –1.00 (0.67) 
In second lactation phase        
Preceding healthy period 39 500 (37.3) 597 (13.2) 43.8 (3.03) 
Days around diagnosis 39 467 (38.9) 596 (13.3) 42.2 (3.09) 
Succeeding healthy period 39 478 (38.9) 602 (13.3) 42.1 (3.09) 
Deviation1 117 –21.7 (32.4) –3.11 (4.35) –0.77 (1.70) 
In third lactation phase        
Preceding healthy period 33 464 (25.4) 637 (10.6) 32.1 (2.07) 
Days around diagnosis 33 438 (25.4) 636 (10.6) 31.7 (2.07) 
Succeeding healthy period 33 452 (25.9) 634 (10.6) 31.2 (2.09) 
Deviation1 99 –19.8 (21.5) 0.28 (2.88) 0.07 (1.13) 
a,b,c – different superscript letters show significant (P < 0.05) differences; 1 – P values are adjusted 
using the Tukey method for means of healthy and ill days (*P < 0.05, **P < 0.01); RA = daily rumi-
nation activity, LW = daily liveweight, MY = daily milk yield 
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lactation. Cows use body fat reserves to cover the shortfall. Therefore an average 
healthy cow can be expected to lose between 0.5–1 kg per day during the first 
60–80 days in milk. According to Agnew et al. (1996), primiparous cows use nu-
trients for weight gain rather than milk production as opposed to pluriparous 
cows that rather lose weight at the beginning of lactation at the expense of high 
milk yield. Due to the fact that Fig. 1 takes into consideration the whole sample, 
regardless of primiparous or pluriparous cows, the expected pattern of liveweight 
at the beginning of lactation cannot be observed. However, it became obvious 
that also the heifers diagnosed with UD showed a reduction of body weight after 
their first delivery (Table 2).  
At around day 90 or at beginning of the second phase of lactation, energy 
intake can satisfy the declining energy demand for milk. During mid-lactation, at 
approximately 180 days in milk, cows replenish their body fat reserves lost in 
early lactation. In late lactation the body condition score (BCS) of an average 
cow should approach 3.5. Cows in early lactation consume approximately 10% 
less DM than cows at the same level of production in mid-lactation. The lower 
feed intake with a decreasing concentrate to forage ratio of the ration may ex-
plain the slight reduction of rumination activity over the last third of the lactation 
period (Fig. 1). A disease can be typical of a certain stage of lactation: subclini-
cal ketosis is most frequently observed during the post-calving period or in early 
lactation (Demelash et al., 2005). The postparturient period is also a typical time 
for the occurrence of metritis (Kahn, 2005). 
Ketonaemic cows show a moderate drop in milk production in order to 
minimise the pathologic energy deficiency (Fleming, 2002). This phenomenon 
confirms the suggestion that ketosis can be a ‘self-limiting ailment’. Especially in 
high-producing Holstein cows, it is of high probability that body reserves are de-
pleted after calving, resulting in ketonaemia and/or ‘underfeeding ketosis’. At the 
beginning of lactation, the LW of pluriparous cows shows a pronounced decreas-
ing pattern due to the pre-existing physiological NEB, while milk production and 
rumination activity show a normal increasing pattern. Moallem et al. (2002) re-
ported the decrease in concentrate consumption as an indication of reduced appe-
tite during severe uterine disease, which explains the drop in rumination activity 
and body weight of pluriparous cows, as it could be seen in this study. 
The present study shows a strong connection between the cows’ health 
condition and rumination activity. In fact, in both pathological states investigated 
the cows showed a significant drop in daily RA (SHK and UD) and in LW (UD). 
A crucial alteration in MY was not detectable in this sample. The above relation-
ship emphasises the importance of monitoring rumination activity for diagnostic 
purposes and enables veterinarians and the dairy farm management to intervene 
early. It can be concluded that the change of RA as determined by electronic moni-
toring, complemented by the change of LW, is a useful indicator of subclinical hy-
perketonaemia and uterine disease before the appearance of clinical signs. 
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Many factors may have influenced the results of this study, such as the 
relatively small number of cows included and the not totally perfect match be-
tween the day of disease diagnosis and the day of lowest rumination activity. 
This could be due to the fact that the responsible veterinarian did not visit the 
farm on a daily basis and, thus, it could occur that a cow showed a decline in ru-
mination activity prior to diagnosis. Moreover, the disease conditions were 
measured over a random period of three days, while the rest of the days around 
that period were regarded as healthy, although some diseases might have a longer 
course which may alter the numbers of ‘healthy’ days. 
Most control programmes focus on disease prevention and good manage-
ment practices, which are more cost effective than treatment. Therefore, the use of 
RA as an indicator also provides an animal welfare benefit. Nowadays, a growing 
number of farms utilise electronic rumination monitoring technology in order to 
forecast the need for intervention in management or health care. Monitoring and 
tracking rumination activity may provide essential information, including mainly 
changes in feeding quality, voluntary feed intake, grazing quality and quantity, 
metabolic processes, weather influence and the presence of diseases influencing a 
cow’s appetite. Thus, in order to maximise the usefulness of rumination activity as 
a prediction tool, further research is necessary, using a larger sample size. This 
study focused on diseases other than abomasal displacement which has been in the 
centre of this technology until now. Future research should also aim at investigat-
ing the interrelationship between rumination activity and the occurrence of other 
diseases. 
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